Background: Chronic vulnerability characterizes substance abuse disorder with consequent relapse. The process of abstinence depends on cognitive recovery. Hence, behavioral intervention should account for cognitive dimension of substance abusers. Recent studies highlight yoga-based intervention as a promising add-on therapy for treating and preventing addictive behaviors. Purpose: The study aimed to evaluate the efficacy of a yoga-based intervention as an addon in enhancing cognitive functions, compared with physical exercise to newly admitted substance abusers seeking an inpatient treatment program. Methods: The study was a single-blind, randomized, comparative design that included 96 male participants, between 18 and 40 years in a residential rehabilitation treatment unit. Partakers in the yoga or physical exercise group received supervised daily training for 12 weeks, in addition to standard rehabilitation treatment. Raters blind to the study assessed the patients on digit span task, cancellation test, and Stroop tests at the baseline and following 12 weeks of intervention. , with degree of variation higher in the yoga group. Conclusion: Our results suggest that the add-on yoga or exercise-based intervention show enhancement of cognitive functions. These findings provide the utility of yoga and exercise-based intervention in improving cognitive functions among substance abusers. Furthermore, rigorous trials are needed to explore the potential long-term effects of these procedures.
Introduction
Substance abuse, the physically hazardous uses of various psychoactive drugs leads to spectrums of bio-psychosocial morbidities, social instability, disability, occu- pational crisis, and ultimate health care burden. Findings of the World Drug Report 2015 projected that 1 out of 20 people between the age range of 15 and 64 years used an illicit drug in 2013. Furthermore, about 187,100 drug-related demises were reported in 2013 [1] . In Nepal, studies have shown a significant rise with 91,534 substance users in 2013, which is nearly of double of that 46,309 in 2007 [2] . The upsurge may be due to the government policy [3] , society, and the family tolerance [4] toward substance use.
Cognitive impairments are highly prevalent in persons seeking treatment for substance use disorders (SUDs) [5] [6] [7] . Substance dependence induces cognitive impairments that mainly affects the abilities of inhibition [5] , coordination of storage, and manipulation of information [6] and visuospatial functions [7] . Despite the demonstrated efficacy of different treatments, SUDs are characterized by chronic vulnerability to relapse after detoxification; on an average, 50% relapse within 1 year [8] . Results indicate that abstinence in the behavioral intervention process appear to depend on cognitive abilities. Furthermore, the literature suggests that it is essential to take into account the cognitive dimension of substance abusers to adapt and fully benefit from the treatment proposed in addiction medicine units [9] .
Recent findings show yoga-based intervention as a promising complementary therapy for treating and preventing addictive behaviors [10] . Yoga in its original form consists of a system of ethical, psychological, and physical practices. Although of ancient origin, it transcends cultures and languages. Mindfulness-based relapse prevention (MBRP) program involves training the attention to experience the present moment with the intention to cultivate nonjudgmental and nonreactive states of awareness [11] . A recent study evaluated the long-term efficacy of MBRP compared with cognitive-behavioral relapse prevention and treatment as usual (TAU) [11] . The report showed a lowered risk of relapse to substance use and significantly decreased heavy drinking during a 12-month follow-up period in the MBRP group in the intervention group compared to the other 2 groups. Furthermore, literature suggests that yoga can lead to significant symptomatic improvements in psychiatric disorders, with changes in neurological pathways [12] . Prior research has shown enhancement of cognitive functions in healthy and elderly population following yoga-based intervention [13] [14] .
We aimed to explore the effects of add-on yoga-based intervention and physical exercise on the performance of 4 commonly used cognitive tests evaluating working memory and executive function: Stroop test, digits forward, digits backward, and the cancellation task. Stroop test assesses the ability to inhibit cognitive interference, selective attention, and conflict resolution [15] . Further, the Digit Span tasks have been widely used to evaluate span of auditory attention, immediate memory span, and working memory [16] . Furthermore, cognitive domains involved in the cancellation function includes sustained and selective attention, psychomotor speed, visual searching, and motor coordination [17] . Hence, it is hypothesized that add-on yoga-based intervention with TAU might show significant improvement in cognitive outcomes compared with those in the TAU + physical exercise. The present study is, to our knowledge, the first randomized, comparative trial to assess the effect of the yoga-based intervention on cognitive function in SUDs.
Methodology
Subjects were newly admitted substance abusers, receiving an inpatient treatment program. The focus group was from a residential rehabilitation treatment unit at Katmandu Valley, Nepal. The Center provided an in-house rehabilitation care for an average of 4 months. The inclusion criteria for this study were that the subjects were of 18-40 years of age; meet the DSM-V criteria for substance use disorder, capable of comprehending and speaking English, show sufficient stability in psychological symptoms (e.g., actively suicidal, psychotic), and a regulated substance intoxication. Subjects who have had a legal case that interfered during the study period, history of severe or ongoing violence, evidence of self-harming or suicidal ideations, any acute major psychiatric disorder, and chronic infections such as HIV and tuberculosis were excluded. The subjects did not perform baseline assessments until 3 weeks of sobriety or abstinence in which they underwent medically supervised detoxification. Eligible individuals provided written informed consent and completed the baseline assessment. Outcome assessments were conducted individually and performed by research staff blinded to treatment assignment. Following baseline assessments, the subjects were assigned randomly to the yoga intervention or physical exercise for 12 weeks, in addition to standard rehabilitation procedures at the Treatment Unit. The 96 eligible subjects were equally and randomly divided into yoga (n = 48) and physical exercise (n = 48) groups. The study was reviewed and received ethical approval (631-02/10/16) from the Nepal Health Research Council Kathmandu, Nepal.
Assessments

Stroop Color-Word Test
Golden's version of Stroop color-word test was used in this study [15] . The Stroop test includes 3 time-limited (45-s) subtests (word, color, and color-word). Task 1 consisted of the words red, DOI: 10.1159/000484165 green, and blue in random order printed in black ink (capital letters) on the white sheet of paper. The subjects were asked to read the list of words. Next, subjects were presented with a list of "XXXX"s that differs in ink color (e.g., XXXX in red, blue, or green ink). The individual was asked to name the color of the ink for each "XXXX"s. The final page is the color-word task on which the individual is shown the names of colors printed incongruent ink colors (e.g., the word "RED" in green ink). The participants are asked to call out the color of the ink rather than the word. Each subtest contains 100 items, presented in 5 columns of 20 items. Subjects were instructed to read down the columns starting with the top word in the leftmost column. The item named last on each stimulus card after 45-s was noted. Stroop possesses adequate testretest reliabilities of 0.89 (word), 0.84 (color), and 0.73 (colorword).
WAIS-R Digit Span Task [16]
The test consists of 2 parts, digit forward and digit backward. The digit span task assesses attention, immediate memory span, and working memory. The participants were administered the test following the standardized instructions. The subjects listened to verbally present digits' sequences (e.g., 6-9-4) at a rate of one per second. After every sequence, the participants were asked to reproduce the string in the same order as given by the examiner (forward span; e.g., 6-9-4), or in the reverse order (backward span; e.g.,-4-9-6). The digit sequences consist of a randomly picked number from 0 to 9, so that no calculation or serial association can be performed. The first span includes 2 numbers. The consecutive span has one more digit added and so on until the last span included 9 digits in forward test while 2-8 digits in the backward test. Furthermore, in each trail, no repetition of the digit was present in the sequence. Each span size has 2 trials. The score was the total number of correct trials, before failing 2 consecutive trials at any one span size or when a full digit number is repeated successfully. Relatively stable threshold value was found to be .83.
Six Letter Cancellation Task
Cancellation tasks [17] are widely used to evaluate sustained and selective attention, psychomotor speed, visual searching, and motor coordination [18] . The cancellation worksheet consists of the 6 target capital letters printed at the top of working section. Subjects required to search and mark as fast and as accurately as possible, target letters arranged randomly in 22 rows and 14 columns. After 90s, the task was interrupted. Subjects were instructed regarding 2 possible strategies to cancel target letters: focus on all target letters at once or select a single target letter at a time. Further, it is suggested that they can adapt different searching strategies (randomized or organized searching: horizontal scanning, for example, from left to right, or vertical scanning) according to their own choice. The total cancellation attempted and incorrect canceled targets are recorded. The net score is calculated by deducting the incorrect cancellations from the total cancellations attempted. The 6 letter cancellation reported adequate amount of stability over time .78 [19] .
Intervention
The yoga-based program and physical exercise were supervised by a trained yoga therapist and a physical instructor at a rehabilitation center. The training included weekly 6 sessions of 90-min duration over 12 weeks. The sessions were conducted in the morning 6.30-8.00 a.m. There were structured protocols for the exercise and yoga tasks, criteria for progression, and guidelines for durations and levels. Intervention programs began at a light intensity and gradually increased over the first month of the intervention. Training sessions were administered in groups whereas each group had 8-15 participants and 1 trainer. Also, participants received standard rehabilitation treatment such as psychosocial intervention, educational lectures, and recreation at the Treatment Unit. The Yoga module was based on concepts from ancient yoga scriptures and developed specifically for SUDs. Yoga module consisted of various components such as loosening practices, sun salutations, yogic postures (asanas), breathing exercises, regulation of breath (pranayama), comfortable dwelling of the mind in a single thought with awareness while practicing unbroken concentration (meditation) and relaxation techniques. The exercise program included loosening warm-up, moderate aerobics which included types of walking (drill, brisk) and jogging (forward, backward, side), stretching module to enhance flexibility, and strengthening exercises. Detailed practice list is shown in Table 1 .
Results
The trial profile is shown in Figure 1 . Of 96 recruited participants, data for 87 substance abusers were available: yoga (n = 44) and physical exercise (n = 43) for final analysis. The reason for dropout is enlisted in the trail profile. All statistical analyses were performed using the computing environment R (version 3.4.0). Descriptive statistics is expressed as mean ± SD for continuous variables. Categorical variables are presented as frequencies (percentage). The normality of quantitative variables was determined using Shapiro-Wilk test and visual inspection of the normal Q&Q plot. Univariate statistics on differences between baseline variables were calculated by the χ 2 test, the Mann-Whitney test or Student t test. All analyses, statistically, significance was considered at p < 0.05. Table 2 summarizes sociodemographic, and outcome measures at baseline and no significant differences were observed at baseline in age, education, marital status, years of substance abuse, type of drug addiction, and outcome parameters between the 2 groups. Table 3 includes within-group comparisons on yoga and exercise groups on outcomes following 3 months.
No outliers were detected as assessed by inspection of a box plot for a value greater than 1.5 box length. The assumption of normality was not violated on different scores, as assessed by Shapiro-Wilk tests and visual inspection of the normal Q&Q plot. A paired sample t test was used to determine whether there was a statistically significant mean difference of pre-and post-yoga intervention. Further, effect size, Cohen's d, were calculated for a paired-samples t test by dividing the mean difference by the SD of the difference (Cohen, 1988) . Significant enhancement in digit forward was observed in both the yoga (p < 0.0005, d = 0.81) and the exercise group (p < 0.0005, d = 0.73). Post-yoga intervention shows differences on digit backward, namely statistically significant increased mean in yoga (p < 0.0005, d = 0.88) and exercise (p < 0.0005, d = 0.58). The magnitude of change was higher in the yoga group. Furthermore, on the cancellation task, a significant increase was noted in yoga (p < 0. Differences between the yoga and physical exercise groups were analyzed using independent samples t test, and are summarized in Table 4 . The homogeneity of variance is not violated as assessed by Levene's test for equality variances. However, when the changes in the parameters assessed were compared, there were no significant differences between the yoga and exercise group in any of the assessed parameters.
Discussion
To our knowledge, this is the first 2 arm parallel group randomized comparative clinical study evaluating the add-on effect of yoga or physical exercise on cognitive function among people with substance abuse problem. The participants were recruited from a rehabilitation center providing a therapeutic environment for detoxification to SUDs. Tasks of cognitive function, including selective attention, response inhibition, and working memory are major important risk factors for recovery and relapse for SUDs. The findings of the unblinded treatment and blinded outcome assessment study of 12 weeks period suggest that add-on yoga or physical exercise-based intervention achieved significant enhancement in response in- hibition, immediate memory span, working memory, and sustained and selective attention. Improvements due to yoga and physical exercise were not significantly different.
Our results are in-line with previous studies with regards to the increase in cognitive function following a yoga and exercise-based intervention [20] [21] [22] [23] [24] . Study has shown high level of physical activity as a significant protection against cognitive decline [21] . Further, this is consistent with a study of home-based exercise intervention showing similar improvement in global cognitive measures for subjects at risk for cognitive decline [22] . Yoga-based techniques have demonstrated positive influence on neuropsychological functions such as selective and executive function [23] . Furthermore, results imply a positive effect, especially on attention, memory, verbal fluency, and cognitive flexibility [24] . Use of illicit substance was linked to structural brain changes with consistent reports of hippocampal volume deficits, which alter cognitive function [25] [26] . Exercise training is effective at reversing hippocampal volume loss in late adulthood, which was accompanied by improved memory function [27] . Further, a pilot study on yoga intervention as an add-on lifestyle practice on elderly adults has shown increase in the volume of bilateral hippocampus [28] . Reversing of hippocampal volume may be a potential mechanism by which practice of exercise or yoga enhanced cognitive function among SUDs.
The methodological shortcoming of this study was the absence of a control group, raising the possibility that the observed effects are not due to the interventional program by itself, but reflect normal recovery due to 12 weeks of sobriety. Future studies should include diagnostic evaluation of cognitive status to understand individuals with cognitive impairment.
Our results suggest that the add-on yoga or exercisebased intervention has shown an enhancement of cognitive functions. Yoga appears to be as good as physical exercise. A future study should determine whether an approach combining or integrating yoga and physical exercise would render more benefits than yoga or physical exercise alone. The clinical application of findings is noteworthy, as enhanced cognitive functions related to executive function domains will be a mediating factor in promoting wellbeing and prevention of relapse. Further rigorous trials are needed to explore the long-term effect and its implication in the relapse prevention and to explore the underlying mechanisms. 
